In this case, intramolecular nucleophilic displacement of the chloro by the hydroxyl group gives the cyclic nitrosamine. N-Nitroso 2,2-disubstituted oxazolidines can now be prepared cleanly and in good yields with nitrosyl chloride and anhydrous potassium carbonate. it is not known at this time whether symmetrical 2,2-disubstitutions have any effect on the regioselectivity of alkylation or if it prevents multiple alkylations. However, the nuclear magnetic resonance data indicates that these nitrosamines exist as t h e E rotamers. N-nitroso-2,2,4-trimethyloxazolidine (5) is an exception, with the Z rotamer representing 3% of the mixture.
acetoxynitrosamines. ' In this case, intramolecular nucleophilic displacement of the chloro by the hydroxyl group gives the cyclic nitrosamine. N-Nitroso 2,2-disubstituted oxazolidines can now be prepared cleanly and in good yields with nitrosyl chloride and anhydrous potassium carbonate. it is not known at this time whether symmetrical 2,2-disubstitutions have any effect on the regioselectivity of alkylation or if it prevents multiple alkylations. However, the nuclear magnetic resonance data indicates that these nitrosamines exist as t h e E rotamers. N-nitroso-2,2,4-trimethyloxazolidine (5) is an exception, with the Z rotamer representing 3% of the mixture.
Experimental Section
Proton and NMR spectra were recorded on a Nicolet NT-300 spectrometer with CDC1, as the solvent containing 0.5% tetramethylsilane. The IR spectra were obtained on a Perkin-Elmer 467 spectrometer. Low-resolution mass spectra were taken on a Finnigan 330 mass spectrometer equipped with a Finnigan 6OOO MS data system. Gas chromatographic analyses were carried out on a Shimdazu Model 4BM gas chromatograph equipped with a Hewlett-Packard 18652A A/D converter coupled to the recorder of a flame ionization detector. A 2.5-m Tenax 80/100 GC column (Applied Science Division) was used.
N-Nitroso-24-dimethyloxazolidine (3). To a solution of 10 g (0.16 mol) of ethanolamine in 100 mL of methylene chloride were added 15 g of anydrous potassium carbonate and 18 mL (0.24 mol) of acetone. The mixture was stirred at 25 O C under nitrogen for 6 h. Since GLC analysis of the reaction mixture at this time indicated that no ethanolamine remained, an aliquot was removed, and the solvent evaporated. NMR analysis of the crude mixture showed a 5.7:l ratio of oxazolidine 2a (R, = R2 = H, R, = R4 = Me):Schiff base 2b (R, = & = H, & = R4 = Me). This was based on the area of gem-dimethyls, 6 1.38 for the oxazolidine and 6 2.28 for the Schiff base. The reaction mixture was cooled to 0 OC, and nitrosyl chloride was slowly bubbled in. After being stirred for 30 min at 5 "C, the solution was filtered, and the solvent was removed on a rotary evaporator. The residue was vacuum distilled to give 15 g (72%) of 3 bp 60-61 "C (1.9 mmHg); IR (film) 2985 (4) . A solution of 20 g (0.266 mol) of 1-amino-2-propanol in 250 mL of methylene chloride was condensed with acetone as described above. NMR analysis of the reaction mixture indicated a 6.1:l ratio of the oxazolidine 2a (R, = H, R2 = R3 = R4 = Me):Schiff base 2b (R, = H, R2 = R3 = R4 = Me). The reaction mixture was cooled to 0 "C, treated with nitrosyl chloride, and worked up as described above. Distillation of the crude product gave 28.4 g (75%) of 4: bp 61 O C (1.3 mmHg) (lit., bp 64 "C (0.2 mmHg)); NMR (CDCl,, 13C), 18.64 ppm (CH, on C-5), 25.98 and 27.69 (CH, on C-2),49.32 N-Nitroso-2,2,4-trimethyloxazolidine (5). Condensation of 2 g (0.027 mol) of 2-amino-1-propanol with acetone was carried out as described above; 12 h were required to complete the reaction. The mixture was nitrosated and worked up as described above to give 2.2 g (58%) of 5 bp 45-46 O C (1.5 mmHg); IR (film) NMR N-Nitroso-2,2-dimethyl-5-phenyloxazolidine (6). A 0.5 M solution of 6.7 g (0.048 mol) of 2-amino-1-phenylethanol in methylene chloride was condensed with acetone over a 12-h period as described above. The ratio of the oxazolidine 2a (R, = H, R2 = Ph, R, = R4 = Me):Schiff base 2b (Rl = H, R2 = Ph, R3 = R4 = Me) was 27:l. Nitrosation and workup was carried out as described above. The crude product was purified through drypacked silica gel (activity 111), eluted with 6:l hexane/tetrahydrofuran, to give 7.21 g (73%) of 6 as a yellow oil: bp 148-150 OC (1.2 mmHg) (purification by distillation of large quantities of this material is not recommended); IR (fi) 3060 enthalpy (-11.1 kcal/mol), in contrast to trimethylene phosphate (-3.0 kcal/mol). Experimental and theoretical work has demonstrated that the large exothermic enthalpy of cAMP is caused by strain, stereoelectronic effects, and solvation effects. The various contributions to the enthalpy difference between cAMP and trimethylene phosphate, i.e., 8.1 kcal/mol (vide supra), can be derived from experimental work carried out by Gerlt et al.2-4 Their calorimetric measurements showed that 4.6 kcal/mol is involved for strain, caused by the trans fusion of a cyclopentane ring to trimethylene phosphate ( Figure 1 ). Introduction of an endocyclic oxygen results in a difference of 2.5 kcal/mol, due to stereoelectronic and solvation effects. The presence of the 2'-hydroxyl group and the adenine base on the 1' location in cAMP is responsible for the remaining 1.0 kcal/mol. The aforementioned stereoelectronic effect disfavors the antiperiplanar arrangement of the phosphate oxygens 05, and 03, and the ribose oxygen 01, (gauche effect5% The magnitude of this gauche effect was assessed with NMR measurements of the equilibrium between axial and equatorial methoxy in 3-methoxytrimethylene p h~s p h a t e .~ OCH3 From these measurements it followed that the axial methoxy location (oxygens gauche) is 1.0 kcal/mol lower in energy than the equatorial methoxy location (oxygens trans). Therefore Gerlt divided the enthalpy difference of 3.5 kcal/mol between the hydrolysis of trans-2-hydroxycyclopentanemethanol cyclic phosphate and CAMP in 1.0 kcal/mol due to the gauche effect and 2.5 kcal/mol due to solvation effects. The experimental results are in fairly good agreement with quantum chemical calculations carried out by Scheffers-Sap and Buck.' They found that strain relief in the ribose ring is responsible for 2.2 kcal/mol (strain in the phosphate ring was not taken into account) of the overall 4.6 kcal/mol (vide supra). According to Scheffers-Sap and Buck the solvation effect suggested by Gerlt is a specific hydration between Os and 01, which is absent in CAMP, since the distance between 05, and 01, is too large. They obtained for this effect a value of 2-3 kcal/mol, which is in good agreement with the experimental result of 2.5 kcal/mol (vide supra). For the hydration between 05, and 01, two structures were pro- posed, viz., a five-membered ring structure and a sevenmembered ring structure.
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These structures were calculated to differ only 0.3 kcal/mol in favor of the five-membered ring,' a difference too small to select one of the structures. Presently we report new experimental work concerning the magnitude of the gauche effect and the solvation structure, based on a conformational analysis of the model systems 1 and 2. In particular we €ocused on the conformation around the C4,-C5, linkage, which determines the position of 05, with respect to Ol,. The C4rC5, conformation can be described as an equilibrium between the three staggered rotamers gauche (+I, (g+), gauche (trans), (gt), and gauche (4, (g-1.
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The population densities x(g+), x(gt), and x(g-) of these rotamers were calculated from the NMR spin-spin coupling constants JH4tHSt and JHiHdt as described by Roole et a1.8 Using this method, we were able to obtain an independent value for the magnitude of the gauche effect of 1.0 kcal/mol (vide supra). In order to isolate the gauche effect from other factors, we used the simplified model system 1. The thermodynamic parameters of the con- formational equilibrium around C4rC5? were determined with variable-temperature NMR spectroscopy. Compilation of the conformational data at various temperatures in a van't Hoff plot yielded iwo(g-, g+) = -0.9 kcal/mol, AS"(g-, gf) = -1.3 cal/moEK, AHo&, gt) = -1.2 kcal/mol, and ASo(g-, g! ) = -2.0 c a l / m~l -K .~ Since in CAMP the C4/-C5, bond is locked in the g-conformation, while in 5'-AMP the g+ rotamer is dominant, our value of 0.9 kcal/mol for the gauche effect is in excellent agreement with Gerlt's observation. The solvation structure in 5'-AMP was elucidated by determination of the C,,-C5, conformation of 2 in various solvents. In Figure 2, 
Experimental Section
Spectroscopy. 'H NMR spectra were run in the FT mode at 300 MHz on a Bruker CXP-300 spectrometer and at 500 MHz on a Bruker WM-500 spectrometer. Both instruments are interfaced with an ASPECT 2000 computer. A standard computer simulation-iteration procedure" was employed to obtain accurate (9) AHo@-, 9' ) and AHo&, gt) denote the enthalpy differences Ho(g-) -H"(g+) and Ho(g-) -Ho(gt), respectively, while LSo(g-, g+) and ASo(g-, 9') denote the entropy differences So(g-) -So(g+) and So(g-) -So(gt), Dimethoxy(dimethy1amino)phosphine. Phosphorus trichloride (0.5 mol, 69 g) was added over 30 min to trimethyl phosphite (1 mol, 124 g) that was kept at 60 "C. After completion of the addition the reaction mixture was cooled to 0 "C and diluted with 500 mL of sodium-dried diethyl ether. Dimethylamine (3 mol, 135 g) was bubbled through the reaction mixture. After filtration of the dimethylamine hydrochloride, evaporation of the diethyl ether yielded a yellowish oil that was distilled twice at 45 mm through a 20-cm Vigreux to afford 46 g (22%) of the desired product: bpbl-52 "C; 'H NMR (C6D6) 6 2. Two-dimensional NMR experiments have provided a convenient means of access to multiple quantum information,2r3 this work leading to the development of the proton double quantum experiment recently described by Mareci and Freeman.4 Although the proton double quantum technique has been applied to large molecule,H there have been no reported applications of the technique in natural products structure elucidation. We would therefore like to report the isolation of plumericin (1) from Cliona caribboea and the utilization of the proton double quantum experiment to uncover spin coupling pathways where J -0 Hz39639 which were not observed in the much more commonly utilized COSY experiment.l0-l2 The as- signment of the 13C NMR spectrum of 1 is also reported through the use of two-dimensional proton-carbon heteronuclear chemical shift correlation techniques.I3-l5
Results and Discussion On the basis of the 300-MHz 'H NMR spectrum and mass spectral data, 1 was tentatively identified as plumericin (&ethylidine-3,3a,7a,9b-tetrahydro-2-oxo-W,4H-1,4,5-trioxa-lH-dicyclopent [ a,hi] indene-7 -carboxylic acid methyl ester). The unprecedented occurrence of plumericin (1) in a marine invertebrate prompted us to initiate a carefully detailed study of the molecule. We were especially interested in the examination of the molecule for long-range spin-coupling pathways which would link together the several discrete proton spin systems contained in the structure despite the fact that no long-range coupling information was contained in the previous reports on the structure determination16 or in the COSY spectrum. Rather than utilizing variants of the COSY experiment intended to emphasize long-range couplings,"J7Js we instead employed the proton double quantum experiment4 which should also be suitable for this p u r p o~e .~@~~ Structural fragmenta of plumericin (1) which are shown in Figure 1 were assembled from a COSY spectrum (not shown). Initial attempts at linking these components via homonuclear decoupling were unsuccessful because of the digitization employed during the survey decoupling experiments, thus representing a potential source of ambiguity in either the case of molecules of unknown structure or in those cases where the molecule is somewhat larger and the possibilities of selecting a permuted connectivity consequently are greater.
The proton double quantum coherence spectrum,* shown in Figure 2 , did successfully link the structural components derived from the COSY experiment to afford the single large structural fragment shown in Figure 1 . The final structure of the molecule follows directly from the large structural fragment. The utility of the proton double quantum experiment derives from several of its features which are worthy of further comment. First, responses in the double quantum frequency domain (wl or F,) are observed at the algebraic sum of the offsets of the coupled spins from the carrier frequency (0 Hz on the axis above
